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(£) Gas oil desulfurization catalyst and desulfurization method. 
CO w 

°* © A gas oil desulfurization catalyst and the desulfurization method are ^ 0S j*J< w ^ h comprises 
(A) at least one kind of a metal selected from the group consisting of ^o^d^g^ 



CO (A) ai leasi one Kina ui <s mmai wiooiou ii vi. i uiv y .w« K — o -• -v>~^s ~ (TTV 

^ (B) at least one kind of a metal selected from the group consisting of qo^nd %Jar\6 
10 (C) at least one kind of a metal selected fron^Re>nd lr ( as the active components. . 
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FIELD OF THE INVENTION 

The present invention relates to a gas oil desu.furization catalyst and a desulfurization method for a gas 
oil using the catalyst. 
BACKGROUND OF THE INVENTION 

Recently for the protection of the health of a human being, the improvement of an lenity proper^ 

Efrrr^*= r^ssJ? rsstsrs 

,o b . no, mora 9« *«*" 

„duST. llr com.™ in . gas oil » diasal «M oil to 0.05% b, woigh. as . mam. ,n ,o»on ,o ft. 

measure for reduction of automobile exhaust gas. ot „ inht ,„ n na , oi i fraction 

m laoan a aas oil is mainly produced as a product by hydrodesulfurizmg a straight-run gas oil fraction 
(90% boK"po« 360 : Q obtained from the. distillate of a crude oil and. if necessary, adding thereto 
a Sampler x TrTu.S.A, a cracked gas oil, mainly LCO (light cycle oil), obtained rom a cracking unrt 

S «Trr «uid catalvtic cracking process), etc.. is partially mixed with the straight-run gas o.l but the 
LCO has th iZlXVewZ* aromatics is larger than that of the straight-run gas oil. the cetane 
SxTs low and the sulfur compounds contained therein have a low reactivity. If the hydrogenation of the 
Ornate rings in the LCO. the Sng opening of the naphthene rings therein, and the d^ MM« 
Z?£i become possible i will become also possible in Japan to mix the LCO with the straight-run gas o.l 

The tvoe of the sSur compounds in these gas oils differs according to the kind of the raw gas o.l 
fraction ^ ^^11^ that in the straight-run gas oil fraction, a nonthiophene content is larger han 
^neTe^nV and in the nonthiophene the content of aliphatic sulfides (mainly cyclic suHides) is 
TaroT and tn the th 0 p he ne the content of bicyclic and tricyclic thiophenes is large In the cracked flas". 
!Son ^the content of thiophenes is larger, therefore the amount of sparingly reactive ^^joujd.^ 
increased The reactivity of these sulfur compounds largely differs according to (1) the structure of tne 

ompound Ind 6 (2) ^ number and the positions of the substituents. but ^^^J^SZ 
are most reluctant to react, in order to make possible the deep desulfunza ion of the LCO the effective 
desulrlation of the a.ky.-substituted thiophenes becomes the most important conc.usive fact*. 
The reaction conditions of conventional desulfurization methods are shown in Table 1 below. 

Table 1 
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Hydrodesulfurization Condition of 
Kerosene, Gas Oil 


Hydrodesulfurization Condition 
of Vacuum Gas Oil 


Reaction Temp.(°C) 
Pressure (kg/cm 2 ) 
LHSV* (liter/hr.) 
Reactor Inlet Gas (Nm 3 /kl) 


290 to 380 
30 to 60 
2 to 4 (t/m 3 h) 
70 to 140 


400 to 450 
60 to 120 
1 to 3.5 
180 to 530 


LHSV: Liquid Hourly Space 


Velocity 



The improvement of the desulfurization performance deeply relates not only to a high performance 
catalS but alsoTo The selection of the reaction conditions for effective.y obtaining the high P^rnance of 
the Slys iTt s ntended to carry out the deep desulfurization using an existing ordinary desul uriza ion 
St TSZt ^Zg a large revamp such a desulfurization unit, the condition for the desulfunzation 

ZS^SZSS^ Performance may be expected by using 
and changing the foregoing conditions to a severe direction or by improving a part of a conventual 
catalyS on the othe'r hand, in such a case, there are .arge disadvantages related to the reduction of the 
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pualities of the refined oi., such as the co.or. the color stability etc.. the reconstruction of the apparatus, 
lowering of the life of the catalyst, etc., as shown in following Table 2. 

Table 2 





Advantages 




Increase of Reaction 
Temp. 


Improvement of activity 


1 . Lowering of catalyst activity with the 
deposition of carbonaceous substances 

2. Shortage of time on stream 

3. Formation of dry slidge (in refined oil) 


Increase of Reaction 
Pressure 


Improvement of activity 

Constraint of deposition of 
carbonaceous substances 


1 . Large reconstruction of refining unit and 
incidental facilities 


Lowering of LHSV* 


Improvement of activity 


1 . Lowering of product yield 

2. Increase of process unit or enlarging of 
diameter of reactor 


Improvement of purity 
of reactor inlet gas (H 2 ) 


Improvement of activity 


1. Increase of capacity of compressor with 
the increase of the amount of circulating gas 

2. Lowering of quench controlling ability 


LHSV: Liquid Hourly Spac 


;e Velocity . — 
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SUMMARY OF THE INVENTION 

•t^" wzsssr^Ji — • — » — - ■ * - oii 

d,S *rS oTE "I. a «** M«*9 » « V,B 9tW in »» p.rlc* «o .ron, »» 9-P 

ST^on" « «. ««* b**n, » *. V». 9™P ^ «*, perio* «0 seiec.d *«n ,h. 9 , W 
consisting of Co and Ni, and 

(C) at least one metal selected from the group consisting of Re and Ir 

preferably from 2 to 4 liters/liter-hour. 
DETAILED DESCRIPTION OF THE INVENTION 

The gas oil desulfurization catalyst of the present invention is explained in detail DrQ ferably 
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""IrSr^poncnts d.saibsd abov, art, 9 e"»»»V -V b-n, supposed b, 3 carri.r eomposod 

SSt?,-; of from 5o1o ^otTs a pa'rticu.arly preferable precursor for an alumina series .norgan.c 
° Xid Amona them it is preferred to use a 7 -alumina series inorganic oxide wherein 25% or more of the total 

SSS solvent a 4 nd 0 th O e Hammond functional va!ue (Ho) thereof showing the same value 

° r Moreover, the pore radius of the ,-alumina series inorganic oxide is more preferab.y from 25 to 40 A. 

,Urt t ClTrfalUite^type -lite having Si/A, ratio of 3 to 5 is preferable and a de-aluminum 

"""tCE ~ on ». mafrod o. supporting ,ho ao« oompon.ms d.schbed abov. 

on the carrier but an impregnation method is most general. 

^Cni'pln. (B, is osad in .h, r.ngo of from 2 to 8 parts by -sigh,, and prt*abi, iron, 3 ,o 7 parts 
b> tfimpLn, (0, is us.d in ft. ™ng. of iron, 0., to 5 parts b» -eight and profe.abl, iron, 0.2 .o 3 

~T= JT^?^^^ S2« o,i ,e.g., - ,-P, ,P. 

examples. 



EXAMPLE 1 



Co and Mo were supported on 7 -alumina having a Hammett's acid functional value (Ho) of + 1.5 as a 

^£££E£Z£*« Mo were ,5 % by weight and 1*7% by the 

The JL supporting Co and Mo was dried and calcined. The surface area thereof was 289 m /g. the 
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Mo and Be was further spontaneously dried for 17 hours and then dried a, 

"°'^°2^5Z£%£!^ was fined in . reactor having a cata.yst volume of 200 ml. After 
drying for f hoSrs at 1 50 • C, the'catalyst was pre-sulfurized using kerosene the sulfur content of wh.ch was 
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controlled to 1 5% by weight, and then the catalyst was used for the desulfurization of a gas oil 

Thrproperties a gas oil as a raw material, the reaction conditions, and the propert.es of the produced 

° h TistrrelT. JhetL content of the produced oi, is 0.05% by weight or lower and the color b' is 

+ 4.0 or lower. 

Table 3 
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Pn-Mn Reries Catalvst + Re 0 


. 5 % ( per 


wt of catalvst ) 


10 


Reaction Condition : 












Pressure (kg/ cm 2 G) 


40 


40 


40 


40 


15 


LHSV (hr* 1 ) 


2 


2 


2 


2 




H 2 /oil 


1000 


1000 


1000 


1000 


20 


Temperature ( °C ) 


310 


330 


350 


370 




Property 

of Raw 
Gas Oil 


Prooertv of 


Produced 


Oil 


25 


Sulfur Content 0.80 
(wt%) 


0.10 


0.06 


0.02 


0.01 




Desulf urization 


87 .5 


92.5 


97 .5 


98.8 




Ratio (%) 










30 


Cetane Index* 1 42.7 


43.8 


47 .0 


45 .0 


44.8 




Distillation 208-36 7 
(°C)* 2 


190-361 


205-369 


191-358 


189-358 


35 


Color* 3 

L* 98 
a* -10 
b* +37 


100 
-7 

+ 21 


101 
-2 
+ 7 


100 
-2 
+ 6 


100 
-3 
+7 


40 


*1: ASTM D 


976 









*2: ASTM D 86 

*3: Color system recommended by Commission 
International de 1'Eclairage in 1976 

L* is the numerical value showing the extent 
of lightness, a* the numerical value showing the 

extent of red ( + ) * > green (-) and b* the numerical 

value showing the extent of yellow ( + ) * > blue (-), 

which were measured by a colorimetric color 



difference meter (Type CT-210, made by Minolta Camera 
Co . , Ltd . ) . 

(Same as in Tables 4 to 6 below) 
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COMPARATIVE EXAMPLE 1 

^By following the same procedure as in Example 1 except that the operation of impregnating Re was 
produced oil are shown in Table 4 below. 

Table 4 
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rn-Mfi Series Catalvst 








Reaction Condition 














Pressure (kg/cm G) 




40 


40 


40 


40 


15 


LHSV (hr* 1 ) 




2 


2 


2 


2 




H 2 /oil 




1000 


1000 


1000 


1000 


20 


Temperature ( ° C ) 




310 


330 


350 


370 






Property 

of Raw 
Gas Oil 


ProDertv of 


Produced 


Oil 


25 


Sulfur Content 
(wt%) 


0.80 


0.11 


0.05 


0.03 


0.03 




Desulf urization 




86.3 


93.8 


96.3 


96 .3 


30 


Ratio (%) 














Cetane Index* 1 


42.7 


46 .6 


47 .0 


47 . 2 


46.9 




Distillation 208-367 

(°cf 2 


192-367 


201-367 


188-365 


189-365 



35 



color- l< 98 98 100 10 i 101 
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EXAMPLE 2 

Co and Mo were supported on 7 -alumina having a Hammett's functional value (Ho) of + 1-5 as a carrier 
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400 -C at a temperature-raising rate of 100-C/hour and calcined at 400 -C for 2.5 hours to provide a 

Cata T y hen, 200 cc of the resulting catalyst was filled in a reactor having a catalyst volume of 20C > m._ after 
drying the catalyst at 150-C for 5 hours, the catalyst was presulfurized us.ng kerosene the sulfur content of 
which was controlled to 1 .5% by weight and used for the desulfurization of a gas oil. 

Thr P roperties of the gas oil used as the raw material, the reaction conditions, and the propert.es of the 

produced oil are shown in Table 5 below. 
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Table 5 

Co-Mo Series Catalvst + Re 0-2% fper wt of catalyst ^ 
Reaction Condition: 



75 


Pressure (kg/cm 2 G) 




30 


30 


30 


30 




LHSV (hr -1 ) 




4 ' 


4 


2 


2 




H 2 /oil 




125 


125 


125 


250 


20 


Temperature ( °C ) 




350 


360 


355 


355 






Property 

of Raw 
Gas Oil 


Prooertv of 


Produced 


Oil 


25 


Sulfur Content 


1.04 
(wt%) 


412 
(wt ppm) 


302 


102 


68 


30 


Desulfurization 
Ratio (%) 




96.0 


97.1 


99.0 


99.3 




Cetane Index* 1 


56.0 


59.5 


59.2 


59.3 


59.3 


35 


Distillation 
(°C)* 2 


209-369 


201-364 


198-360 


200-362 


200-363 


40 


Color* 3 

L* 
a* 
b* 


100.2 
-0.8 
+ 4.2 


97.8 
-2.4 
-2.0 


98.2 
-5.0 
+ 2.7 


98.6 
-1.7 
+ 3.9 


97.3 
-1.8 
+4 . 1 



45 COMPARATIVE EXAMPLE 2 

By following the same procedure as in Example 2 except that the impregnation operation of Re was 
omitted a catalyst was prepared and used similarly for the desulfurization of a gas oil. 

The propels of the gas oil used as the raw material, the reaction conditions, and the propert.es of the 

50 produced oil are shown in Table 6 below. 
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Table 6 







Co-Mo 


Series Catalvst 






5 


Reaction Condition 














Pressure (kg/cm 2 G) 




30 


30 


30 


30 


10 


LHSV ( nr ) 




4 


4 


2 


2 


H 2 /oil 




125 


125 


125 


250 




Temperature ( °C ) 




350 


360 


355 


355 


15 




Property 

of Raw 
Gas Oil 


ProDertv of _ 


Produced Oil 


20 


Sulfur Content 


1.04 
(wt%) 


577 
(wt ppm) 


344 


136 


98 




Desulf urization 
Ratio ( % ) 




94.5 


96.7 


98.7 


99.1 


25 


Cetane Index* 1 


56.0 


59.5 


59.2 


.59 . 3 


59.3 




Distillation 209-36 9 
(°C)* 2 


201-364 


198-360 


200-362 


200-363 


30 


Color* 3 

L* 
a* 
b* 


100.2 
-0.8 
+4.2 


93.6 
-2.3 
-1.1 


96.8 
-5.0 
+ 3.0 


99.5 
-3.0 
+ 7.1 


98.3 
-2.1 
+5.2 



COMPARATIVE EXAMPLE 3 

By following the same procedure as in Example 2 except using 7 -alumina having a 
<o functional value (Ho) of -3.3, the surface area of 270 m*/g. the pore volume of 0.56 cm3/g, and the ave age 
pore radius of 82.3 A in place of the -y-alumina used in Example 2, a catalyst was prepared and used 
similarly for the desulfurization of a gas oil. 

The properties of the gas oil used as the raw material, the reaction conditions, and the propert.es of the 

produced oil are shown in Table 7 below. 

45 



50 



55 



8 



EP 0 573 973 A1 



20 



Table 7 

m-Mn s er ies Catalyst + Re 0.2% foer wt of catalyst) 
Reaction Condition: 



Pressure (kg/cm 2 G) 




30 


30 


30 


30 


J0 LHSV (hr- 1 ) 




4 


4 


2 


2 


H 2 /oil 




125 


125 


125 


250 


Temperature ( °C ) 




350 


360 


355 


355 


15 


Property 

of Raw 
Gas Oil 


Propertv of 


Produced 


Oil 



Sulfur Content 



Desulf urization 
Ratio (%) 



1-04 



1040 



(wt%) (wt ppm) 
90.0 



822 
92.1 



655 
93.7 



624 
94 . 0 



COMPARATIVE EXAMPLE 4 

30 By following the same procedure as in Example 2 except using 7 -alumina having a Hammett's acid 
functional value (Ho) of -3.3 the surface area of 265 m^/g, the pore volume of 0.50 cnWg, and the average 
pore radius of 18.9 A in place of the 7 -alumina used in Example 2, a catalyst was prepared and used 

similarly for the desulfurization of a gas oil. ™™ 0 *i«<= of th« 

The properties of the gas oil used as the raw material, the react.on conditions, and the properties of the 

35 produced oil are shown in Table 8 below. 
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Table 8 





Co-Mo Series 


Catalvst 


+ Re u . 




wt of catalvst 1 


5 


Reaction Condition 


: 












Pressure (kg/ cm 2 G) 




30 


30 


30 


30 




LHSV (hr" 1 ) 




4 


4 


2 


2 


10 


H.2/ OXX 




125 


125 


125 


250 




Temperature (°C) 




350 


360 


355 


355 


15 




Property 














of Raw 
ria «= ni 1 


Propertvof 


Produced 


Oil 


20 


Sulfur Content 
Desulf urization 


1.04 1550 
(wt%) (wt ppm) 

85.1 


1435 
86.2 


1352 
87 .0 


1196 
88. 



Rate (%) 



" as described above, according to the present invention, the sulfur content in a gas oi. can be .owered to 
0.05% or lower by using a conventional dewHunzaton . unit. desulfurization activity is 

„ mutton has . good color in spl« of employs » ««* »rnbodirr,.nts Ih.reof, « 

„,„ ™r,:r sr™ «r r;™..^ cm * - — — 

departing from the spirit and scope thereof. 
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1 A qas oil desulfurization catalyst comprising 

9 (A) at least one kind of a metal selected from the group consisting of Mo and W. 
B at least one kind of a metal selected from the group consisting of Co and Ni, and 
Ic! at least one kind of a meta, selected from Re and Ir. as the active components. 

2 The gas oi. desulfurization catalyst of claim 1 , wherein the content of the component (C) is from 0.1 to 
5% by weight based on the total amount of the catalyst. 

<■ 3 The gas oil desulfurization catalyst of claim 1. wherein the active components are supported on a 
carrier composed of an alumina series inorganic oxide or a zeolite. 

6 The qas oil desulfurization catalyst of claim 3. wherein the carrier is composed f A^^ f ieS 
^ganfc oxide 25% by distribution of the pore size of which has the pore rad.us of fromNtflo 35 A. 

7. The gas oi. desulfurization cata.yst of c.aim 3. wherein the carrier has a Hammett's acid functiona, va.ue 
(Ho) of + 1 .5 or tower. 
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A desulfurization method of a gas oil. which comprises treating a gas oi. in the presence of a gas oil 

desulfurization catalyst comprising 

(A) at least one kind of a metal selected from the group consisting of Mo and W, 
B at least one kind of a metal selected from the group consisting of Co and Ni, and 

is from 20 to 60 kg/cm*, and the liquid hourly space velocity of from 2 to 5 l.ters/l.ter hour. 

The desulfurization method of Cairn 8, wherein the content of the component (C) is from 0.1 to 5% by 

weight based on the total amount of the catalyst. 
10. The desulfurization method of claim 8, wherein the active components are supported on a carrier 
composed of an alumina series inorganic oxide or a zeolite. 
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